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(54) Direct sequence code division multiple access cellular system 



(57) A (direct-sequence code division multiple ac- 
cess) DS-CDMA cellular system includes a plurality of 
cells each having one base station and a plurality of mo- 
bile stations. A signal transmitted form the base station 
is distinguished by a long codes each of which is differ- 
ent from the others being uniquely allocated to each cell. 
A long code synchronization timing being detected by a 
correlation using a common short code. The long codes 
arc searched in each mobile station by a partial correla- 
tion in a timing according to the long code synchroniza- 
tion timing. The partial correlation is a correlation bet- 
ween a signal received and a segment of a code defined 
by a part of the long code, the part being shifted in the 
long code. 

Further, the long codes arc classified into a plurality 
of long code groups defined by long code group identi- 
fication codes. A delay profile of the long code group 
identification code is detected and is compensated in 
fading according to said short code. Then, the long code 
group identification code is combined by rake combin- 
ing, and is demodulated. 
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Description 

Detailed Description of the Invention 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a DS-CDMA cellular system using a long spreading code. 
Prior Art 



[0002] Recently the direct sequence code division multiple access (DS-CDMA) cellular system attracts attention as 
the users ot the land mobile communication increase, because the DS-CDMA system has a hot of capacity in each 
is channel The DS-CDMA system is lower in frequency usage efficiency due to interference between among a plurality 
of mobile stations or a plurality of base stations than other systems such as the frequency division multiple access 
(FDMA) system and the time division multiple access (TDMA) system. However, in the DS-CDMA system, the special 
reuse ett.c.cncy (cell repetition ratio of one frequency) contributes the total frequency efficiency, so .t is possible to 
realize a system with high interference tolerance and high cell repetition ratio. 
20 [0003] There are two types of DS-CDMA system, that is, a synchronous system among base stations and an asyn- 
chronous system among base stations. The time synchronization is strictly performed among base stations in the 
synchronous system by means of an external synchronization system such as a global positioning system (GPS), and 
the synchron.zat.on is not performed in the asynchronous system. The synchronous system has advantages that the 
initial cell search can be easily completed by a timing synchronization of a long code because the same long code is 
25 used for all ol the base stations with different delay times, and that the peripheral cell search during a hand-over can 
be quickly completed because a code delay information of peripheral base stations is given to a mob.le station. 
[0004] While in the asynchronous system, the long code allocated to one base station is different from the long 
codes of other base stations for distinguishing the base stations. Each mobile station has to judge the long code during 
the initial cell search In the peripheral cell search, one long code is found among ? plurality of long codes used in the 
30 peripheral base stations according to an information of peripheral base stations given by the current base stat.on. 
Therefore the search time is much longer than that of the synchronous system. 

[0005] A cell search scheme for quick acquisition in the asynchronous is proposed in "Two-stage Rapid Acquisition 
Scheme in DS-CDMA Asynchronous Cellular System" by Kenichi HIQUCHI. Mamoru SAWAHASHI and Fumrya 
ADACHI Technical Report of IEICE, CS-96, RCS96-01 2(1 996-05). In this scheme, first a long code timing is detected 
35 according to a despread of a short code common to all of the base stations by means of a matched fitter, then the long 
code is judged by means of a matched filter or a sliding correlator. 

[00061 Next the acquisition scheme is described. A symbol is twice spreaded by one of long codes LC#1 , LC#/2 

LC#N corresponding to base stations BS1 , BS2 BSN, and by one of short codes SC#0, SC#2 SC#M corre- 
sponding to a plurality of channels. The short codes SC#0, SC#2 SC#M are common for every cells. 

40 [0007] The acquisition scheme is detailed described with reference to Fig.25. There are shown signals in the upper 
half area upper than a chained line, which are transmitted from the base stations BSk, BSk+1 , BSk+2 and are received 
by a mobile station. An acquisition result is shown in the lower half area. The mobile station has a plurality of control 
channels through which the signals from the base stations BSk, BSk+1 and BSk+2 are received. In the control channels, 
a symbol shown by hatched rectangles, is despread by a short code SC#0 common to the total base stations at a 
45 predetermined symbol timing in each long code period. At the other symbol timings, the signal is despread twice by 
the above short code SC#0 and by a long code LC#i allocated to the corresponding base station in each control channel. 
The long code of one base station is different from those ot the other base stations. Therefore, even when signals from 
a plurality of base stations are received simultaneously, the signals for control can be demodulated without any con- 
fusion Then the signals for control are received asynchronously by the mobile station as one multiplexed signal. 
so [0OO8] The mobile station performs the cell search in two steps, as follows. At the first stage in F.g.25, a correlation 
between a replica of the short code SC#0 of the control channel and a sample of the received signal, by means of a 
matched fitter Since the symbol spreaded by the common short code SC#0 exists at a predetermined timing in every 
long code period, as mentioned above, a correlation peak by the short code SC#0 indicates a synchronous timing for 
receiving the signals spreaded by the long codes, 
ss [0009] At the second stage in Fig.25, a plurality of long codes LC#i are selected from long code LC#I to LC#N one 
after another, and composite codes are successively generated by each of the selected long codes and the short code 
SC#0 Correlation is calculated between each of the composite codes and the received signal at the synchronous 
timing detected in the first stage by means of a sliding correlator. For the acquisition, the long codes are selected from 
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the total long codes determined, while for the peripheral cell search, only the long codes designated by the current 
base station. The correlation calculated is repeated until a correlation peak exceeds a threshold. When the correlation 
peak exceeds the threshold, the long code applied is determined to be the long code of the control channel. Then, the 
base station is determined and the cell search is finished. 
s [0010] Since the timing synchronization and the long code identification are independently performed from each 
other, the cell search time becomes much shorter. The number of cell search is decreased to be (Number of spread 
code length + Number of spread code phases) comparing to the number of (Number of spread code length x Number 
of spread code phases ) in the synchronous system. 

[0011] In the Japanese Patent Publication Hei1 0-200447, the inventors of the present invention proposed an im- 
10 proved acquisition scheme in the asynchronous cellular system among base stations. In this scheme, a segment of 
the composite code, much shorter than the composite code as it is, is used for the correlation calculation. The long 
code identification and the acquisition are quickened. 

[0012] Fig.26 shows a receiving system for the proposed scheme. The reference number 1 is a complex matched 
filter, 2 is a spreading code generator, 3 is a electrical power calculator, 4 is a judging portion of long code timing 

is synchronization, 5 is a threshold calculator and 6 is a long code identification portion. The matched filter 1 comprises, 
a shift register 11 which samples with shifting a received base band signal synchronously to a sampling clock CL and 
has a number of stages equal to a number of chip of the segment, for example 1 28 stages; a pseudo-noise (PN) code 
register 12 to which the segment is loaded; a plurality of multiplication circuits 13, for example number of 128, for 
multiplying corresponding data of the shift register 11 and of the PN code register 12; and an adder 14 for summing 

20 up outputs of the multiplication circuits 1 3. The matched filter 1 may be a circuit consisting of a charge-coupled device 
(CCD), a surface acoustic wave (SAW) device or a digital circuit. However, the matched filter in the proposed circuit 
is the most advantageous in view of the calculation speed, electrical power consumption and accuracy 
[0013] A transmission signal of a radio frequency (RF) from a base station is input through a receiver antenna to a 
radio frequency receiver portion for converting the radio frequency signal into a intermediate frequency signal. The 

2S converted signal is multiplied by an output of an intermediate frequency oscillator and passed through a low-pass filter 
to be a base band received signal. The base band signal is input to the matched filter 1 so that the correlation with the 
spreading code replica supplied from the spreading code generator 2. The power calculator 3 calculates an electrical 
power of a correlation output of the matched filter 1 and outputs the calculation result to the judging portion of long 
code timing synchronization 4, the threshold calculator 5 and the long code identification portion 6. The matched filter 

30 is a complex matched filter for calculating the correlation ol an in-phase (I ) component and a quadrature (Q) component. 
The power calculator 3 calculates a squared absolute value (l 2 +G 2 ) of the correlation of both components. 
[0014] The spreading code generator 2 is controlled by the judging portion of long code timing synchronization 4 
and the long code identification portion 6. The spreading code generator outputs the short code SC#0 during the 
acquisition, and outputs the composite codes made by each of the long codes LC#i of the base stations and the short 

35 code SC#0 one after another, after the long code synchronization timing is detected. 

[0015] During the peripheral cell search before the hand-over, the common control code is received similarly to the 
acquisition for establishing the long code synchronization timing. When a long code synchronization timing is estab- 
lished for the next base station after the handover, the segments of the composite codes made by the short code 
SC#0 and the segments of the long codes LC#i to be searched are output one after another from the spreading code 

40 generator 2. 

[0016] In the acquisition, the judging portion 4 loads the short code SC#0 from the spreading code generator 2 to 
the PN code register 1 2 in the matched filter 1 . Simultaneously, the judging portion 4 outputs a timing of the maximum 
power of an average of the correlation over a predetermined number of long code periods, to the spreading code 
generator 2 and to the threshold calculator. The threshold calculator 5 calculates a threshold for the long code (denti- 
ns fication portion 6 according to the maximum power at the timing of the long code timing synchronization. 

[0017] In the peripheral cell search for the hand-over, the short code SC#0 is loaded from the spreading code gen- 
erator 2 to in the matched filter 1 , similarly to the above. Timing is detected of the maximum power of an average of 
the correlation over a predetermined number of long code periods, by the composite codes made by other long codes 
than that of the current base station. The timing is output to the spreading code generator 2 and the threshold calculator 
50 as the long code synchronization timing of the next base station. The spreading code generator 2 loads the first segment 
to the matched filter 1 . 

[0018] After the long code synchronization timing is detected, the long code identification portion 6 loads the seg- 
ments of the composite codes one after another, and compares the output of the power calculator 3 with the threshold. 
If the power is more than the threshold, a code number of the long code of the composite code is output for defining 
55 the next base station. 

[0019] The outputs of the matched filter 1 and the power calculator 3 are output to a received data processor (not 
shown), if necessary. The output of the matched filter 1 is output to the rake combiner, the output of the power calculator 
3 is output to a multi-path detector for path-diversity reception. 



BNSDOCID: <EP 0930723 A2_L> 



EP 0 930 723 A2 



15 



20 



S203. If it .s not the last number, the number .s '^ased by 1 in , ste ™ rode js the , ast the long 

ror;rraS^^ 

shows the sample of the received base band "W^*™*™^ the composi t e code #1 made by the short 
the segment of N (-128) chips of the composite codes #1 to #51 2 As J° r the c P gs be mu|li |jed to 

code SC#0 and the long code #1 , the first 128 chips are toded <° ™ £ fl ^ „ and shifted th ; re in in 

sliiedinio a p.ura.Ky of long cod. groups anc la tagc*. = (p.,*, 
(0030] As shown in Fig. 30, the comrron short cede in „, comml channel PCH2. 

channel) 1 ol the reiver. While, the long code group . index code Jl" r«.»ed ^ Song code group Index code 
The long code eynchronizaUon timing Is d.loc.ed by ~ ^»^^^ e ^S d ., e Lned long code 

successful due to fading errors etc. 



30 



35 



40 



45 



SO 



Summary of the Invention 

F0031] The present invention has an object to provide a DS-CDMA ce.lular system capable of long-code search at 
5S SSjTa DS-CDMA cellular system according to the present invention, a partial correction is called between 
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Brief Description of the Invention 
[0034] 

5 Fig.1 is a block diagram showing a long code identification portion applied to a long code search scheme of a first 

embodiment according to the present invention; 
Fig. 2 is a flowchart of the first embodiment; 
Fig. 3 is a timing chart of the first embodiment; 

Fig. 4 is a block diagram showing a long code identification portion applied to a long code search scheme of a 
10 second embodiment according to the present invention; 

Fig.5 is a flowchart of the second embodiment; 
Fig.6 is a timing chart of the second embodiment; 

Fig.7 is a block diagram showing a long code identification portion applied to a long code search scheme of a third 
embodiment according to the present invention; 
is Fig. 8 is a flowchart of the third embodiment; 

Fig.9 is a timing chart of the third embodiment; 

Fig. 10 is a block diagram showing a long code identification portion applied to a long code search scheme of a 
fourth embodiment according to the present invention; 
Fig. 11 is a flowchart of the fourth embodiment; 
20 Fig.1 2 is a timing chart of the fourth embodiment; 

Fig. 13 is a block diagram showing a signal reception apparatus applied to the fifth embodiment of the present 
invention; 

Fig. 14 is a flowchart showing a signal reception scheme of the fifth embodiment; 

Fig. 15 is a flowchart showing a process of selecting a group identification code of the fifth embodiment; 
25 Fig.16A is a block diagram showing a detecting portion of slot timing in Fig.1 3; 

Fig.16B is a block diagram showing a GIC detecting portion in Fig. 13; 

Fig.16C is a block diagram showing a long code search portion of slot timing in Fig.1 3; 

Fig.16D is a block diagram showing a signal reception portion in Fig.1 3; 

Fig. 17 is a block diagram showing a frame synchronization establishing portion in Fig.1 3; 
30 Fig. 18 is a block diagram showing a gain control apparatus in a signal reception apparatus of a sixth embodiment 

of the present invention; 

Fig. 19 is a timing chart showing signals of the gain control apparatus; 
Fig.20 is a block diagram showing a complex matched filter; 
Fig.21 is a graph showing a relationship between an absolute signal and a gain; 
35 Fig.22 is a blockdiagram showing a gain control apparatus in a signal reception apparatus of a seventh embodiment 

of the present invention; 

Fig.23 is a block diagram showing a complex absolute circuit; 
Fig.24 is a block diagram showing a absolute circuit in the complex absolute circuit; 
Fig.25 is a timing chart of a conventional two-step acquisition scheme; 
40 Fig.26 is a block diagram showing a signal reception apparatus for a two-step acquisition scheme proposed by 

the inventors of the present invention; 

Fig.27 is a flowchart showing the two-step acquisition scheme in Fig.26; 
Fig.28 is another flowchart showing the two-step acquisition scheme in Fig.26; 
Fig.29 is a timing chart showing the two-step acquisition scheme in Fig.26; and 
45 Fig. 30 is a conceptual view of a signal used in another conventional scheme. 

Preferred Embodiment 

[0035] Hereinafter, preferred embodiments of a DS-CDMA cellular system according to the present invention are 
50 described with reference to the attached drawings. 

[0036] Figs.1 to 3 show a first embodiment of a long code search scheme the present invention in which an average 
of an electrical power of an output from a matched filter is calculated with respect to a plurality of continuous symbols 
in order to eliminate influences of noises. 

[0037] Fig.1 is a functional block diagram of a long code identification portion 6 of the first embodiment. In Fig.1 , a 
55 reference numerous 31 designates an analog to digital (A/D) converter for converting an output of a power calculation 
portion 3 into a digital data. An output of the A/D converter 31 is input to an averaging portion 32 for averaging powers 
of correlation of a plurality of symbols. The averaging circuit 32 holds and adds power of correlation of the digital data 
for a plurality of symbols, and divides the addition by the number of symbols so as to obtain the average. An output of 
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the averaqinq portion 32 is input to a judgment portion 33 for comparing the output with a threshold calculated by a 
Z^SSSS 5 in Fig.26. The influence of noise is eliminated by averaging the partial correction. The segment 
is of a data lenqth equal to a number of chips of one symbol. 

fo038] When the averaging portion 32 and the judgment portion 33 are constructed by an analog circuit, the A/D 

5 ^rVhlCcodTSification process of the first embodiment is described with reference to Figs^ and 3. The 

is performed after a long code timing detection shown in Figs.27(a) and (b) In F.g.3. a horizontal 
coordTnate represents "time", (1 ) shows a sample data received, and (2) shows a sampling clock CL for samp mg the 
samp e data A ^mentionTd above, the received base band signal is sampled every sampling ^Representative.* 

io on^ a dJa heldTn th "last stage SH 128 of the shift register 11 is shown as the sample data. (3) shows the segment 
(PNseg^Xtored^ 

3 of Son between the sample of received signal and the PN segment, (5) shows the average of the -correlation 
^SES^ averaging portion, and (6) shows an output of the judgment portion. In the timing charts inc.ud.ng 
Fiq 3 the delay time is neglected and the time distance is set to be "1" for easy understanding. 1 1 . n ..... 
t5 ^401 in the long code Verification process, a number J of the composite code to be applied « set to be an in, a. 
Sue "1 'at step S11 At step S12, a number k of the segment of the composite code #J is set to be an nrtel value 
"1" At step £S fhe segment k of the composite code #J is loaded from the spreading code generator 2 ^.g.26 to 
the PN coSe register 12 in the matched filter 1 . In the embodiment of Fig.3, at time Tl , the f.rst segment (#1,1) of the 
^cS^^Tlncludlng chips from the first to the 1 28* is loaded. A correlation is ca.cu.ated between the samp.e 
SZrSS^Sna. and the segment (t1 , n and the power of the correlation is output from the power ca.cu.ator 3 
(Fia 1 4) At step 15, the power is stored together with the timing data. 

oS 1 At s ep 16 the number k of the segment is judged whether it is the final segment number or not. In F.g.2 the 
\Z L S- 7the timing T1, the judgment "NO". Next, k is increased by "1" at step S17 and the process ,s return 

r^When'the second segment 2(#1 , 2) consisting of chips from the second to the 129* is loaded to the PN code 
eqister 12 A correlation is calculated between the sample of the receded s,gnal and the segment (#1,2), and I the 
LoweTof the correlation is output from the power calculator 3 (step 14) at a time T2. At step 15, the powe ,s stored 
S^SnST.l9 ^ta. At step 16, the number k of the segment is judged again whether ,t ,s the find segment 
number or not These processes are repeated with shifting the segment unt.l k reaches 3 

SSm3] wLn k=3 and the judgment becomes "YES", an average of power of the correlation between the samp.e 
Se k^mbo.s of the compoL code. At step S19, the average is judged whether it is ^^ ^^ e ° 
no? When the judgment is "YES", the long code corresponding to the composite code ,s .udged as the long code of 
the' base station from which the signals are transmitted, and the long code identification is f.mshed. 
JSS If the judgment at step S1 9 is "NO", it is judged whether the composite code is the f.nal composite code or 
£ J thi judgment "YES", the detection of .ong code synchronization timing deemed 

e u ned to the step S1 00 (Fig.1 5). If the judgment is "NO", the number J of the composite code is .ncreased by 1 , 
and the Process is repeated rom the step S12. For example, when J=2 andthe segment is the f.rst segment (#2^4) of 
The compete co d e «, that is, 4* to 131* chip of the composite code #2 is loaded to the PN code register 12. Then, 
the correlation with the sample of the received signal is calculated. 

As men oned above, the long code identification is performed from the averaged correlate power generated 
LTa p uramy of segments shifted of a composite code. Since the influence of the noise or fading ,s reduced due to the 
above averaging, a misjudgment is decrease. The number k is not limited to "3", any number of correlation outputs 

S^q "Next" a second embodiment is described with reference to the attached Figs.4 to 6. Fig 4 is a functional block 
71 Rq 5 is a flowchart and Fig.6 is a timing chart of the second embodiment. This embodiment ,s advantageous 
fn me Tase 1^ in^Slro. channel for long ccL identification is not modulated and the influence of the noise and 
fading is less than the first embodiment. M 
T00471 In Fig 4 the output of the matched filter 1 and its power are input to an A/D converter 41 . An output of the PJ 
Converter 41 is input to an averaging portion 42 which holds correlation outputs of a plurality of continuous segment 
and cllcufates averages of I- and Q-components when the power is more than a threshold. An electrical power of the 
averages onh^- and Q-components is calculated in a power cafcu.ation portion 43, which power ,s compared with 

Ti^^Z 42 and the judgement portion 43 are constructed by an ana.og circuit, the AO 

^ 9 Thl?eco^eirdiment shown in the f.owchart of Fig.5 has a dHference from the first embodiment in that 
thTstep 834 is only a correction process, not inc.uding the power caption, and a power ca.cu.at ,on port,on^ S3 0» 
adde? after an averaging portion 838. Since the other processes are simi.ar to those in the first embod.ment, and 

descriptions therefor are omitted. 



20 



25 



30 



35 



40 



45 



50 



6 



BNSDOCID: <EP 0930723A2_I_> 



EP 0 930 723 A2 

[0050] The liming chart in Fig.6 has a difference from Fig.3 in that the electrical power (5) is calculated after an 
average (4) is calculated. Since the other processes are similar to those in Fig. 3, descriptions therefor are omitted. 
[0051] In the second embodiment, positive and negative noises are cancelled because the power is calculated from 
the averages of the I- and Q-components. The noise reduction effect is higher than the second embodiment. Since the 
5 average is zero when the control channel is modulated, this embodiment is effective for a control channel without 
modulation. 

[0052] Next, a third embodiment is described with reference to the attached Figs.7 to 9. Fig.7 is a functional block 
diagram, Fig.8 is a flowchart and Fig.9 is a timing chart of the third embodiment. This embodiment judgment of the 
long code identification according to an average of correlation powers of a plurality of path. The influence of the noise 

10 and fading is less than the judgment according to a single pat in the first and second embodiments. 

[0053] ' In Fig.7, the reference number 51 designates an A/D converter for converting the output of the power calcu- 
lation portion 3 into a digital signal, 52 designates an averaging portion for holding correlation outputs of a plurality of 
paths output from the A/D converter 51 , 53 designates a judgment portion for comparing an output of the averaging 
portion 52 and the data from the threshold calculator 5 (Fig.26). 

15 [0054] In Fig.8 is the flowchart of the third embodiment. Similarly to the above, n J° is the number of the composite 
codes as well as the long code, "k" is the number of symbols for calculating the average of the correlation from the 
composite code, and V is number of chips of the delay time for detecting the multi-path. 

[0055] In Fig.9, a horizontal coordinate represents "time", (1) shows a sample data received, and (2), and (3) shows 
the segment (PN segment) stored in the PN register 12 of the matched filter 1 . Hatched waves indicate that peaks are 
20 detected at the timing. (4) shows the power output from the power calculator 3 of correlation between the sample of 
received signal and the PN segment, (5) shows the average of the correlation power output from the averaging portion, 
(6) shows the average of multi-path correaltion outputs of the plurality of segments, and (7) shows an output of the 
judgment portion. In the timing charts including Fig.3, "k* is 2 and V is 6, then multi-paths of the delay time up to 6 
chips can be used. 

2S [0056] In the long code identification process, a number J of the composite code to be applied is set to be an initial 
value M 1" at step S51 . At step S52 and S53, the numbers k and i are set to be an initial value "1 At step S54, the first 
segment of 1 sl to 1 28 th chips (#1,1) of the first composite code #1 is loaded in the PN code register 1 2 during a period 
T1 -in Fig.9. A correlation is calculated between the sample of the received signal and the segment (#1,1), and the 
power of the correlation is output from the power calculator 3 (S55). At step 56, the power is held together with the 

30 timing, ant at step S57, the correlation power of a plurality of paths are added. 

[0057] It also possible to omit the thresholding in the Step 56, when a timing is detected of sufficiently high peaks of 
the correlation by the short code in the common control channel. The correlation power is recurrently integrated for a 
plurality of symbols when the long code synchronization timing is detected. The timing of the maximum peak and peaks 
adjacent the timing within a predeterminedtime are detected from a plurality of peaks. The output of the power calculator 

35 3 added at these timings are in step S57. 

[0058] At step 58, it is judged whether the number i is the final number or not. When the judgment is "NO", i is 
increased by "1 u at step S59 and the PN code stored in the shift register 12 is shifted by one stage. Then, a shifted 
PN code with circulation by one chip, the 128 th chip and 1 st to 127 th chips (#1,1-1 ) of the composite code are stored 
in the PN code register 12 during period T2 in Fig.9. When the correlation power (peak) is more than the threshold as 

40 shown by the hatched area, the power and its timing are held at step S56. The processes are repeated so that the 
correlation powers of the paths are added until the number i reach the maximum. 

[0059] When the judgment at step S58 is "YES", it is judged whether k is maximum or not. When the judgment is 
"NO", k is increased by "1 n at step S62 and the process is returned to step 53. The new segment k of the same composite 
code J (#1 ,7-0), 7 th to 1 34 lh chips of the composite code #1 , is loaded in the PN code register 1 2 so that a correlation 

45 with the sample of the received signal. Then, the correlation is repeatedly calculated by the shifted PN code with 
circulation in the PN code register 12 until i reach maximum so that the correlation power of the peak is calculated. 
The processes above are repeated until k reach the maximum. When the judgment of step S61 becomes "YES", an 
average of correlation power of a plurality of paths are calculated for each segment at step S63. T step S64, the average 
is judged whether it is more than the threshold or not. 

so [0060] If th e judgment at step S64 is "NO", it is judged at step S65 whether the composite code J is the f inal composite 
code or not. If the judgment is "NO", the number J of the composite code is increased by D l and the process is repeated 
from the step S52. If this judgment is "YES", the detection of long code synchronization timing deemed erroneous, and 
the process is returned to the step S100 (Fig.15). When the judgment S64 is "YES", the long code J is determined to 
be the long code number of the base station. 

55 [0061] In this embodiment, the correlation powers of a plurality of paths are added in addition to using an average 
of correlation powers of a plurality of symbols. The influence of noise and fading is less those in the first and second 
embodiment using single path. 

[0062] Next, a fourth embodiment is described with reference to the attached Figs. 10 to 12. Fig. 10 is a functional 
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block diagram Fig.11 is a flowchart and Fig.12 is a timing chart of the fourth embodiment. This embedment utilizes 
the multi-path similarly to the third embodiment. The correlation powers of the multi-paths are ^ 8im P^« um "^P- 
but the correlation of I- and Q-components are compensated in fading, and rake combining .s P erto ™ ed ^°™^ 
pensated components. The long code judgment is more accurate. This embodiment is advantageous m the case that 
s the control channel is not modulated. ....... < ^(-horniiior 1 

r00631 In Fig 10 the reference numerous 61 is an A/D converter directly receiv.ng the output ol the matched filter 1 
and 62 is a fading compensation portion for performing fading compensation of an output of the ^ come ^.^ e 
fong code identification is performed by a contro. channel not modulated. The phase error due to fading is predated 
from the averages of the I- and Q-components for a plurality of symbols. The fading compensation portion 62 corn- 
to pensatesthefadingphaseerrw^ 

is calculated from the phase error, by which the I- and Q-components are multiplied. 

0^] 63 is a rake combining and averaging portion for rake-combining of the output of the fading compensation 
portion 62 and for averaging the output of the rake combining. 64 is a power calculator for calculating a power ^ 
oTthe oufpulof the portion 63. 65 is a judgment portion for judging whether the output of the power calculator 64 with 
is the threshold supplied by the threshold calculator 5 (Fig. 14). „ .... 

r0O65l In the flowchart of Fig.11 , steps from S71 to S74 are similar to those of the th,rd embod.ment .n Fig 8. At the 
s^s! the correlation outputs power of which are over the threshold are held, and the correlation of mutt.-path is 
detected bv a loop of steps S75 to 78, similarly to above. 

[0066] It also possible to omit the thresholding in the Step 75, when a timing is detected of sufficiently high peaks of 

20 the correlation by the short code in the common control channel. 

r00671 In Fig 1 2, the correlation peaks for the first composite code #1 1 are shown m the periods T2, T3 and T6 The 
fading compensation of each path is performed at step S79 using independent correction coefficients or each path 
from coefficients of the other paths. At step S80, the rake combining is performed for correlate output of each pa h 
compensated in fading. These processes are performed for a plurality of segments of number of k ,n one compos, te 

25 code (step S82), and the average is calculated at step S83. In the embodiment of Fig.10, the average of the segments 
#1 1 and #1 .7 of the first composite code after the rake combining. , . . „ . 

[0068] The segment is not limited to the segment of a composite code made by the long code and he short code 
common to the total cells. Segments can be used, such as a segment of long codes uniquely allocated 
a composite code multiplied by V1 » or "-1 ", which composite code is made by a the above segment and the common 

r00691 "Next the fifth embodiment of the present invention is described with reference to the attached Figs. 1 3 to 1 7. 
0070 Fig 13 shows a signal reception apparatus for the fifth embodiment, including a high frequency reception 
portion HFR for receiving a signal of a radio frequency and for converting the signal into a inte ^^late frequency 
signal. The intermediate frequency signal is divided into I- and Components by a quadrature detecto QD. These 
components are passed through a low-pass filter LPF. The output of the low-pass fiiter LPF ,s «P^«'*»^ £ 
timing detector ST, a long code identification code GIC detector GD, a frame synchron.zat,on establishing portion FS 
a long code search portion LCS, and a signal reception portion SR. These portions cannot be clearly classified in a 

practical system because there a hot of circuits commonly used by a plurality of portions. 

r0071l Fig 1 4 is a flowchart of a signal reception scheme according to the present invention. At step S201 , a common 
short code CSC is continuously observed by the slot timing detector ST, and a power of a despread output is stored 
at step S202 The power is averaged for a plurality of slots at step S205. A slot leading edge timing is determined 
according to the average at step S205. At step S206, a long code group identification code GIC is selected according 
to the slot leading timing. For the GIC selection, a correlation between the GIC received and each o P^errmned 
GICs is performed and correlation resutts are compared with one another. When the GIC selection tailed *e process 
is returned to the step S201 . When the GIC selection succeeded, the selected GIC is reset to the matched filter at step 
S208 A multi-pat pattern and a delay profile are detected according to the correlation output after the resetting 
r00721 At step S210 GIC and CSC are despread, and a correction coefficient for fading compensat.on is calculated 
at step S211 The fading compensation of GIC is performed by the correction coefficient at step S212. and the rake 
combining of the GIC is performed according to the delay profile at step S21 3. The correlation between the s.gna after 
the rake combining and predetermined GIC modulation patterns so that a frame synchronization is judged at step 
S21 4. After the frame synchronization is established, correlation is calculated by the long codes m the long code group 

designated by the GIC so that one long code is determined at step S21 5. ^ thi ,ithri<- 

[0073] F»g.15 shows the GIC selection step (S206) in detail. First, a loop counter , » initialized to 1 and the i« GIC 
code GIC#1) is loaded to the matched fitter at step S302. A correlation power of GIC code is detected at step 
the correlation outputs are averaged for a plurality of slots at step S304. When the average is over a threshold I (step 
S3051 the GIC#1 is successively found (step S306). None of the correlation outputs does not exceed the threshold, 
it is judged that the selection failed (step S307). When there is another GIC code GIC* to be searched, the loop counter 
is increased by "1", and the process is returned to the step S308. 
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[0074] Fig.16A shows the slot timing detection portion ST is detail. The slot timing detection portion ST includes a 
matched filter MF4 for despreding the I- and Q-components by the common short code. The despread I- and Q-com- 
poncnts COI4 and COQ4 are output as correlation outputs by the common short code to the frame synchronization 
detection portion FS in Fig.1 3. The signals COI4 and COQ4 are input to a power calculator PWR4 for calculating the 

s correlation power S41 . When the correlation power S41 is more than the threshold, it is judged that the common short 
code is detected. The correlation power S41 is averaged for a plurality of slots by a averaging circuit AVG4. The 
averaged power S42 is judged in a judging portion JUD4 for detecting a timing of a leading end of the slot. The detected 
slot leading end is output as a signal SLO and input to a frame synchronization establishing portion FS. The common 
short code CSC is reset in the matched filter MF4. 

10 [0075] Fig. 1 6B shows the long code group identification code detection portion GD. The long code group identification 
code detection portion includes a matched filter MF5 for despreding the I- and Q-components by a plurality of prede- 
termined long code group identification codes GIC. The despread I- and Q-components COI5 and COQ5 are input to 
a powercalculator PWR5 for calculating the correlation power S51 . The correlation power S51 is averaged for a plurality 
of slots by a averaging circuit AVG5. The averaged power S52 is judged in a judging portion JUD5 for selecting one 

is GIC from comparison of the averaged power with a plurality of predetermined GIC. The selected GIC is reset in the 
matched filter MF4, as well as : is output to the frame synchronization detection portion FS and long code search portion 
LCS (Fig.1 3) as a signal GICo. 

[0076] Fig.16C shows the long search portion LCS. The long code search portion includes a matched filter MF7 to 
which a long code in the selected long code group is set. The despread outputs consists of I- and Q-components COI7 

20 and COQ7 which are input to a power calculator PWR7 for calculating the correlation power S71 . The correlation power 
S71 is averaged for a plurality of slots by a averaging circuit AVG7. The averaged power S72 is judged in a judging 
portion JUD7 for selecting one long code from comparison of the averaged power with a plurality of long codes in the 
long code group. The selected long code is reset in the matched filter MF7, as well as, is output to the signal reception 
portion SR (Fig. 13) as a signal LCSo. 

25 [0077] Fig.16D shows the signal reception portion SR which includes a matched filter MF8 to which the selected 
long code is set at a timing of the frame synchronization signal FSo. An output of the matched filter MF8 consists of I- 
and Q-components COl8 and COQ8, respectively, which are input to a fading compensation portion FC8. An output 
of the fading compensation portion FC8 is input to a rake combiner RK8 for rake combining. The received signal after 
the rake combining is input to a chnnnel codec portion for reproducing the information signal transmitted. 

30 [0078] Fig.17 shows a frame synchronization establishing portion FS in detail. The frame synchronization establish- 
ing portion FS includes a matched filter MF6 for despreding the I- and Q-components by the selected GICo. GICo is 
modulated by a predetermined pattern. The despread I- and Q-components COI6 and COQ6 are input to a power 
calculator PWR6 for calculating the correlation power. The correlation power S51 is input to a delay profile detection 
portion PRFL for detecting a delay profile from the correlation power. The delay profile is input together with the CSCI 

35 and CSCQ to a correction coefficient calculation portion CCC for calculating a correction coefficients CCI and CCQ of 
I- and Q-components, respectively. The output COI6 and CDQ6, the correction coefficients CCI and CCQ are input to 
a fading compensation portion FC6 for fading compensation of COI6 and COQ6. The received signal after the rake 
combining is input to a rake combiner RK6 for rake combining. The signal after the rake combining is input to a frame 
matched filter FMF for calculating a correkation between the signal after the rake combining and a modulation pattern 

40 of GICo. A power is calculated from this correlation by a power calculator PWR6, and a judgment portion JUDG judges 
frame synchronization according to the power. When the frame synchronization is established, the judgment portion 
JUDG6 outputs a frame synchronization signal FS to the signal reception portion SR. 

[0079] Figs.18 to 24 show a gain control apparatus utilized for the above embodiments. This gain control apparatus 
calculates a gain of an amplifier from a norm of I- and Q-components of an output of a complex matched filter or a 
45 quadrature detector. 

[0080] Fig. 18 is a block diagram of a first embodiment of the gain control apparatus. A radio frequency (RF) signal 
received by an antenna is downconverted to be a intermediate frequency (IF) signal that is input to an amplifier (VGA) 
11 . An output of the amplifier 1 1 is input to a quadrature detector including multiplication circuits 1 2 and 1 3, a phase 
shifter and an oscillator 14. The output of the amplifier is multiplied, in the multiplication circuits 12 and 13, by a wave 

50 generated by the oscillator 14 and a wave delayed by a phase of (ti/2) from the above wave, respectively. Outputs of 
the multiplication circuits 12 and 13 are I- and Q-components of the intermediate signal, which are passed through 
lowpass filters 16 and 17, respectively, for eliminating high frequency components. Outputs of the lowpas filters 16 and 
17 are input to a complex matched filter 20 for despreading the l-and Q-components by spreading codes stored in a 
spreading code memory means 21 . The despread signal is usually a multi-path signal including a plurality of signals 

55 originated from one signal but transferred through different transfer-paths. Therefore, a plurality of correlation peaks 
occur within one symbol period of the outputs of the matched filter 20. Fig.1 9 shows the plurality of peaks by a reference 
St. 

[0081] The multi-path signals S1 of the l-and Q-components are input to sampling and holding circuits 31 and 32 for 
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holding the signals, respectively. The sampling and holding circuit 31 and 32 are controlled by a controller 45 for 
selectively holding peaks of rather high level. The outputs of the matched filter 20 is input to a level detection circuit 
41 for calculating a norm (absolute value) of the I- and Q-components. The level detection circuit 41 further compares 
the norm with a predetermined threshold so as to output peaks higher than the threshold. The extracted peak data is 
s converted by an analog to digital (A/D) converter 42 into a digital signal. The digital signal is averaged by a recurrent 
integration circuit 43 for a plurality of symbol periods, and significant peaks are extracted from the averaged signal. 
The controller supplies sampling and holding signals S2 (Fig.19) tothe sampling and holding circuits 31 and 32. There- 
fore the sampling and holding circuits 31 and 32 hold only significant correlation peaks. 

[0082] Outputs of the sampling and holding circuits 31 and 32 are converted by analog to digital (A/D) converters 
w 33 and 34 respectively, into digital signals, and are input to a coherent detector 35. The coherent detector 35 performs 
fading compensation for eliminating influences of fading so that the I- and Q-components are perfectly separated. 
Then, the plurality peaks of I -and Q-components within one symbol period are combined by a rake combiner 36. An 
output of the rake combiner 36 is a rake-combined signal S3 shown in Fig.19. 

[0083] The output of the A/D converter 42 is further input to a gain calculation circuit 51 for calculating gains of 
15 amplification of the above RF signal and the above IF signal. The amplifier RF-AGC for amplifying the RF signal is not 
shown. The gain for amplification of the IF signal is input through an analog to digital (A/D) converter 52 to the amplifier 
1 1 Then, amplification gains are optimized. 

[0084] Fig 20 is a block diagram of the matched filter 20 of 256 taps, for example. The matched filter 20 includes 
256 sampling and holding circuits SH1 to SH256 for holding the I- and Q-components. A plurality of multiplication 

20 circuits Ml to M256 are connected to the sampling and holding circuits SH1 to SH256, respectively, for multiplying the 
components by spreading codes for each components. Outputs of the multiplication circuits M1 to M256 are integrated 
and added by an adder 22. The spreading code is a sequence of one bit data, and the matched filter multiplies M +1 u 
when the bit is n 1 M and "-1" when the bit is "0". The adder subtracts a summation of signals multiplied by M -1" from a 
summation of signals multiplied by "+1 n . An output of each components from the adder 22 is a voltage signal and is 

25 adjusted to be a proper level by a scaling circuit 23. The sampling and holding circuits are serially connected for 
receiving a new signal at the first stage SH1 and transferring the signal successively towards the last stage SH256. 
[0085] An algorithm for calculating the gain in the gain calculation circuit 51 is shown in Fig.21 . In Fig.21 , the horizontal 
coordinate represents power (norm) of the I- and Q-components, and the vertical coordinate represents the gain. The 
gain decreases stepwisely as the power increases in a area of gain between a lower threshold 0 and an upper limit 

30 Max. This algorithm is given by a table which output a gain G1 when the power is between W1 and W2 corresponding 
to the gain G1 When the power is equal to Max, the gain is set to be lower limit value of Gm. 

[0086] The gain obtained by the gain calculation circuit 51 is determined so that the output from the rake combiner 
36 is in an adequate range of level. Even when a deviation occurs due to shadowing etc. in the received signal, the 
gain is quickly and adequately adjusted. So, the demodulated signal is good in S/N ratio. 

35 [0087] Fig 22 shows another embodiment of the gain control apparatus. Differently from the embodiment tn Fig.1 8, 
the gain calculation circuit 51 receives signal before the complex matched filter 20. The signal before the complex 
matched filter 20, that is, after the lowpass filters 1 6 and 1 7 are input to an absolute circuit 60 for calculating an absolute 
value of the I- and Q-components. The absolute value is input to an A/D converter 61 for converting the absolute value 
into a digital signal. The digital signal is input to the gain calculation circuit 51 . The gain control circuit 51 is similar to 

40 that in Fig. 18. In this embodiment, it is possible to calculate the gain according to the total signals received so as to 
prevent over-range of the amplifier 11 , in addition to the advantages of the embodiment in Fig. 18. 
[0088] Fig.23 shows the absolute circuit 60 in detail. The absolute circuit 60 calculates an approximation value of 
an absolute of a complex number. The absolute circuit 60 includes a first and second absolute circuits 71 and 72 for 
adding I- and Q-components, from the lowpass filters 16 and 17, to an offfset voltage (Vdd/2), respectively. Here, Vdd 

45 is a supply voltage. The outputs of the absolute circuits 71 and 72 are integrated by capacitive couplings 62 and 63. 
The capacitive coupling 62 includes capacitances 62a and 62b receiving outputs of the absolute circuits 71 and 72, 
respectively. The capacitive coupling 63 includes capacitances 63a and 63b receiving outputs of the absolute circuits 
71 and 72, respectively. Outputs of the capacitances 62a and 62b are commonly connected to an inverter 64, and 
outputs of the capacitances 63a and 63b are commonly connected to an inverter 66. Outputs of the inverters 64 and 

so 67 are connected through feedback capacitances to their inputs, respectively. 

[0089] The capacitances 62a, 62b and 65 have capacities of a ratio of 2:1 :2. The capacitances 62a, 62b and 65 
have capacities of a ratio of 1:2:2. Then, output voltage V64 and V66 of the inverter 64 and 66 are defined by the 
formulae (1) and (2). 
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= ^Vdd - ^AbsiO + - 2 Mhx(Q)j (1 ) 



V66 = i w _ C4.^(/) + C5»^,(<?) 

2 C6 



Here, CI . C2 C3. C4. C5 and C6 are capacities of the capacitances 62a, 62b, 65, 63a, 63b and 67. Abs(l) is a voltage 
signal output from the absolute circuit 71 , and Abs(Q) is a voltage signal output from the absolute circuit 72. 
[0090] The outputs of the absolute circuits 71 and 72 are input to a comparator 81 for outputting a comparison signal 
SC indicating which of outputs Abs(l) and Abs(Q) is larger than the other. The comparison signal SC and outputs V64 
25 and V66 arc input to a mutti-plcxcr 82 for selectively outputting the larger of the V64 and V66 in response to the signal 
SC. 

[0091] An output of the multi-plexer 82 is input through a capacitance 83 to an inverter 84 an output of which is 
connected through a feedback capacitance 85 to its input. Since the capacitances 83 and 85 have capacities C7 and 
C8 equal to each other the second term.? of the outputs shown in the formula (1) and (2) are reversed by the inverter 
30 84. An output V60 of the absolute circuit 60 is an addition of the reversed voltage and the offset voltage (Vdd/2). 
[0092] The output V60 is defined as in the formulae (3) and (4). 
When Abs(1)>Abs(G), 



V60=Vdd - V64 Abs(I) i j Ahs(Q) ~\vdd (3) 



When Abs(l)<Abs(Q), 

40 VB0 = Vdd - V6S = ± Abs(l) + Abs(Q) - ± Vdd (4) 

[0093] Fig.24 shows the absolute circuit 71 in detail. The descriptions for the absolute circuit 72 is omitted because 
it is similar to the circuit 71 . The absolute circuit 71 includes a MOS inverter 73 for judging whether an input voltage 

45 vin is more than a threshold Vdd/2, and for outputting a voltage of Vdd when Vin is not more than Vdd/2, and a voltage 
of OV when Vin is more than Vdd/2. The input voltage Vin is input through a capacitance 74 to an inverter 75 an output 
of which is connected through a feedback capacitance 76 to its input. The capacitances 74 and 76 have capacities 
equal to each other so as to output an inversion of a difference between Vin and Vdd/2 stably and accurately. A multi- 
plexer 77 is provided for receiving the input voltage Vin and the output of the inverter 75. The multi-plexer 77 is controlled 

so by the output of the inverter 73 so as to output Vm when Vin^ Vdd/2, and to output an inversion ( Vdd-Vin) when Vin<Vdd/ 
2. 

[0094] For example, when Vdd=1 0V, the offset voltage is 5V. When the input voltage is 8V, the output of the absolute 
circuit 71 is 8V, while, when Vin=3V, the output=7V 

[0095] The gain control apparatus is not limited for the signal reception apparatus for log code search, but applicable 
55 to any types of DS-CDMA communication system. 
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Claims 

1 . A DS-CDM A cellular system comprising a plurality of cells, each having one base station, and a plurality of mobile 
stations, a short code being defined commonly to all of said cells, a plurality of long codes each of which is different 
from the others being uniquely allocated to each cell, a long code synchronization timing being detected by a 
correlation using said short code, said long codes being searched in each said mobile station by a partial correlation 
in a timing according to said long code synchronization timing, characterized in that: 

said partial correlation is a correlation between a signal received and a segment of a code defined by a part 
of said long code, said part being shifted in said long code. 

2. A DS-CDMA cellular system as claimed in Claim 1 , further comprising: 



a complex matched filter in each said mobile station for said partial correlation and for despreading said long 
code; 

15 a power calculator for calculating a power of an output of said matched filter; 

a long code synchronization timing judgment portion for judging a synchronization timing of said long code 
according to an output of said power calculator; and 

a long code identification portion for determining a long code according to said output of said power calculator 
and an output of said long code synchronization timing judgment portion. 

20 

3. A long code search scheme for DS-CDMA cellular system including a plurality of cells, each having one base 
station, and a plurality of mobile stations, a short code being defined commonly to all of said cells, a plurality of 
long codes each of which is different from the others being uniquely allocated to each cell, comprising steps of: 

25 detecting a long code synchronization timing by a correlation using said short code; and 

searching said long codes in each said mobile station by a partial correlation in a timing according to said long 
code synchronization timing, said partial correlation being a correlation between a signal received and a seg- 
ment of a code defined by a part of said long code, said part being shifted in said long code. 

30 4. A long code search scheme as claimed in Claim 2, wherein said code defined by said long code is a composite 
code made by said long code and said common short code. 

5. A long code search scheme as claimed in Claim 2, wherein said code defined by said long code is composite code 
made by logical exclusive-or calculation of said long code and said common short code. 

35 

6. A long code search scheme as claimed in Claim 2, wherein said code defined by said long code is said long code 
itself. 

7. A long code search scheme for DS-CDMA cellular system including a plurality of cells, each having one base 
40 station, and a plurality of mobile stations, a short code being defined commonly to all of said cells, a plurality of 

long codes each of which is different from the others being uniquely allocated to each cell, a plurality of long code 
groups and long code group identification code for indicating said group being defined, comprising steps of; 

detecting a delay profile of said long code group identification code; 
45 compensating said long code group identification code in fading according to said short code; and 

rake combining of said long code group. 

8. A DS-CDMA cellular system comprising a plurality of cells, each having one base station, and a plurality of mobile 
stations, a short code being defined commonly to all of said cells, said short code being transmitted every slots, 

50 a plurality of long codes each of which is different from the others being uniquely allocated to each cell, said long 

codes being transmitted every frames, a plurality of long code groups and long code group identification code for 
indicating said group being defined, defining a timing of said long code group identification code by a correlation 
using said short code, said long codes groups being searched in each said mobile station by a correlation in a 
timing according to said timing, said long codes being searched within a long code group searched, characterized 

55 in that: 

a delay profile of said long code group identification code is detected, said long code group identification 
code is compensated in fading according to said short code, said long code group identification code is combined 
by rake combining after the fading compensation, said long code group identification code is demodulated after 
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said rake combining. 

9. A DS-CDMA cellular system as claimed in Claim 8, further comprising: 

5 a first matched filter for despreading said common short code; 

a second matched filter for despreading said long code group identification codes; 

a phase compensation incans for detecting fading distortion of said common short code according to an output 
of said first matched filter and for compensating long code group identification code in fading according to said 
fading distortion; and 

10 a rake combiner for rake combining of an output of said phase compensation means. 

10. A DS-CDMA cellular system as claimed in Claim 8, further comprising: 

a third matched filter for holding an output of said rake combiner for a plurality of said slots and for calculating 
75 a correlation between said long code group identification code and a modulation pattern of said long code 

group identification code; and 

a frame synchronization judgment portion for judging whether a frame synchronization is established or not. 
A DS-CDMA cellular system comprising 

a plurality of cells each having one base station which transmits a signal spread by a spreading code; and 
a plurality of mobile stations each of which comprising: 

a high frequency reception portion for receiving a radio frequency signal from said base stations, for am- 
25 plifying said radio frequency signal and for converting said radio frequency signal into an intermediate 

signal; 

an intermediate frequency amplifier for amplifying said intermediate signal; 
a quadrature detector for extracting I- and Q-components from said intermediate signal; 
a matched filter for timing according to said timing, said long codes being searched within a long code 
30 group searched, 

characterized in that: 

a delay profile of said long code group identification code is detected, said long code group identification code 
35 is compensated in fading according to said short code ; said long code group identification code is combined 

by rake combining after the fading compensation, said long code group identification code is demodulated 
after said rake combining. 
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